Trinitrobenzoylated poly(D-lysine) as a stimulator of interactions between plasminogen, plasmin, and tissue-type plasminogen activator.
Trinitrobenzyl alkylation of poly(D-lysine) provides a novel powerful stimulator of tissue-type plasminogen activator. Its stimulatory effect on plasminogen activation is far greater than that of the original poly(D-lysine), and even surpasses that of fibrin. Its effect on plasmin-catalysed modification of both tissue-type plasminogen activator (t-PA) and native (Glu-1-) plasminogen are also investigated. Cleavage of one-chain t-PA to its two-chain form is monitored by measuring the increase in amidolytic activity which accompanies this transformation. Presupposing apparent first-order reaction kinetics, a theory is developed by which the rate constant, kcat/Km = 1.0 X 10(6) M-1 X s-1 of plasmin cleavage of one-chain t-PA can be calculated. Plasmin-catalysed transformation of 125I-labelled Glu-1- to Lys-77-plasminogen is quantified following separation by polyacrylamide gel electrophoresis at pH 3.2. A rate constant, kcat/Km = 4.4 X 10(3) M-1 X s-1 is obtained for the reaction between plasmin and Glu-1-plasminogen in the presence of 1 mM trans-4-(aminomethyl)cyclohexane-1-carboxylic acid. Both of the above plasmin-catalysed reactions are strongly enhanced by trinitrobenzoylated poly(D-lysine). The mechanism of action of this stimulator is elucidated by studying its binding to both activator and plasmin(ogen), and by direct comparison of the results with measurements of plasminogen activation kinetics in the presence of the stimulator. Binding studies are performed exploiting the observation that an insoluble yellow complex is formed between plasminogen and modified poly(D-lysine). Protein-polymer interactions are also studied with solubilised components in an aqueous two-phase partition system containing dextran and poly(ethylene glycol). The rate enhancement of plasminogen activation is found to be closely correlated to the association of plasminogen to the stimulator. It is proposed that the stimulator effects of this simple polymer on the enzymatic activities of both plasminogen activator and plasmin are brought about by association of the proteinase and its substrate to a common matrix. Similarities between the action of the artificial and the natural stimulator (fibrin) are stressed. These properties of trinitrobenzoylated poly(D-lysine) makes it useful as a model for the study of the regulatory mechanism of the fibrinolytic process at the molecular level.